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!. EXECUTIVE SUMMARY
A. Project Title:

Evaluation of Abandoned Mine~ Mass Landings of Mercory and the Cost Effectiveness of Remediation

Ran Churei~, Department of Conservation, I~rmes and Geology
Mark Stephenson, CalR’omh Department offish ~ Game
B. Project Deseriution and Primary Ecolo~ical~iolo~ieal Obieetives:

We are proposing a s~udy that will evaluate abandoned mines within the SF Bay Delta Watershed that
are possJhie sources of mercury contamination. Most of those mines have not been studied to date. We
intend to assess the ]eve.] of the environment~d stressor mercury that is contaminating the SF Bay Deita
fi’om the approximated four hundred mercury, thermal sl~’in8, and copper, lead, and zinc mines that are
within the w~tershed boundaries. Our data w~l serve the CALFED objective ot’reatorotion in that we wlfi
provide besefine information from wkich to determine cost-effective remediation strategies. Many of the
priority species and their food sources could be affected by mercury in the water, which is currently above
the NAS recommended limits at many mine sites that have been evaluated.

C. ADnroach Tasks/Schedule

The objectives of this study are as follows:

l.Mine site serenning to determine high priority sites. This will be the first step in thej3rinrlt7 mine
identification process. We expect to screen approxir~tteiy 400 sites within the first year.

2.1)etemiaation of Mass Landings at High Priority Sites. S~mples will be collected at the pt~wiously
determined sites, which will be analyzed for mercury and methylmercury m determine lo~d’mgs. We expect
to complete this phase within the first two years.

3. Mine Evaluation for Dgerminntina ofBe~t Remedlotion =tad Cost Effective Strategies for
Reducing Mercury input= to the Delta. This section will involve developing effective remedhtion plans,
and determining preliminary costs of remediatiort at each of the 20 s~tes. This phase ~ he c~mpleted
during year three.

4. Availability of Different Mercury Species for Methylation, Inorganic mercory in sediments is
potential fuel for methyhtion conducted by sulfide-reducing bacteria in ana~obic sediment (Compean and
Barthe, 1987). At] forms of mercury, however, are not equally bioovallable to bacteria (Compean and
Ba~ha, 1987). Since most of the mass landings of mercury to the delta are from suspanded sediment, k is
of great impotlance to determine if the mercury ~n coastal range sediments (prima~ly HgS) or Sierra
Nevada snd’u~ent (primarily as elemental Hg or Hg+-~) have different degrees of avallabillty for the
mathylation proenss~ This phase witl begin in year two and will be finished in year three.

5.Habitat Effect an Mercury Specintioa. In response to recent results that show wedands as a source of
methylmescory (Rudd, ]995), this portion of the study is proposed. Mercury and methy~mercury in
dissolved or particulate fractions derived from mine inputs will he mea.~ured, before and alter water passes
throus~ four different types of habitats. This phase Hill be~in in year two and will be finished in ye~ three.

D. Justification for Proieet and Fundin~ by CALFED
It has been estLrnated that as much es 7,600 tons of mercury was mined in the coast range in the CshfomJa
Gold Rush az~ much of it is sti~ in the env~’onmant. There are curr~tly fish consumption wam~ posted
in Clear Lake, Lake Berryess~, Marsh Creek Reservoir, the Delta (CVWQCB, 1987) and San Franei~co
Bay (SFRWQCB, I995) to protect human consumers from mercury contam~ation. Bottom-feeding
sturgeon were identified in the San Francisco Bay study as having high leve~ of mercu~ and are listed as a
species ofspeeia! concern by DFG &nd by USFWS. In addition, ]eveis of me~wy in fish es~tg birds are
hi8h in Clear Lake and h~ve been detern~ed to be the cause of Western Grenb deaths in Lake Ben-yessa
(CVWQCB, 1987~ California Dept. Fish and Ga~e, 1984). Virtually all the mercury inputs in the San
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Francisco Delta system are thought to derive from mining operations (CVKWQCB, 1987, Jones et at.
1996, Gill and Bruland, 1990, Slot~on et at 1995, 1996). However, the Central ValleyRaginnal Water
Qua[ity Control Board (CVRWQCB) has recently found Mgh levels of mercury in hot springs (Chris Foe,
personal communication). Despite this knowledge, there has been studies on a few of the larger mine sites,
but the majority of mine sites have yet lo be ~veluated as to their potential to contribute mercury to the
Delta. We estimate :hat there are aJy~’oximataly 60 mercury mines, 250 lead, copper and zinc mines, and
100 thermal hot Spl~ngs that could contribute mercury to the watersheds (see maps), most of which runain
uanvaluated.
g. Budget Costs and Third P~rtv lmnaets
The estlmet~l total costs for the three year study is $765,303. Payment will be based upon tasks as they

are ~omphited throughout the study. There are no anticipated third party impnets.

"fi ti
Ken Churehill is a Ph.D. level Scientist at the Department of Conservation’s ff~OC) Division of Mines and
Geology (DMG) and has over twenty years of experience in mineralogy and petrology, with an emphasis
on economic geology. He is involved with the detailed 0ompilation of marcory mine and prospect data to
improve DMG databases, to create a new mercat3’ site database, and repon~ that provides additional
information for environmental and hazardous mercury sites in California.

Mark S!ephanson is Director of the California Department ofFish and Game Marine Pollution Stutlies
Laboratory~ He has over twenty years of experience in the analysis offish and sedimeat for mercury. He is
currently project manager for the Ca/iforaia State Mussd Watch program, Bay Protection aM Toxic
Cleanup program, and approximately eight other projects.

G. Monitoring aad Data Evaluation
This project is different from other studies in that the DMG has the most complete database available on
abandoned mines in the state of California. A~ most of these mines have not been studied, the degree to
which they tre contaminating the environment is ~aknown. The data collected in this study will be
enmpafible with data collected on mass Ioadings in other programs. There ~ be a high level of quatity
assuranee/quatity control, and the data will be available for integrffton inlo other databases. Our anal3~icat
techniques and monitoring methods Hill be similar to those used by other programs currently monitoring
me~ury in the delta area. We ~ send a proposal and reports out to experts in the fleld of mercury
monitoring for peer review to attain suggestions and comments, which we wili incorporate into our work
and reports. We will also submit resuRs 1o peer reviewed journals for publication.

!]. Local Sunnort/Coordinatioa wRh Other I’roerams/Comoatthilitv with CALFED Objectives
We will coordinate our program with other per~ive CALFED researchers such as Jan Rytuba mgl
Darre/Slolton, so that there wi~ be rainim~ duplication of effort. We ~ be ¢oerdir~ ow mass loading
studies with the State Water Resources Control Board, Bay Protection and Toxic Cleanup Program, San
Francisco E~tuary Institute, Central Valley Regional Water Quality Coatrol Boar~, and the Sacramento
Pdver Watershed Program. This project is compafib]e with all of the CALFED objectives, as ~r study
could result in the decrease of mercury input and an improvement in water quality, which �ould help
restore all the priority habitats and protect all priority species within the SF Bay Delta. The ultimate goal of
our study is the restoration of mine sites, which is in agreement with the CALFED mission~
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IlL PROJECT DESCRII’TION
A. Project D~cription and App~oanh

Knowiedge of the field of oxploraton geoobemist~"7 and mineralogy give DMG staffa unique per~peetive
on how elements of onvironmenial concern, such as mercmy, ar~ typicadiy distributed in rocks, soil, stream
sediments, and water at mineral deposit locafiom and mine sites. Such knowindge is particularly useful in
decisions on sampling locations, numbers of samples neces~ry for ~e ehem~t~iza~on, what ~m[ytic~
methods are appropriate, and for identifying normal and abnormal analytical results. This expertise coupled
with the chemical and biological qualification of’the DFG staff,, give this study a unique p~spective.

1. Mine site screening to determine high priority sites.

Detailed informet.ion will be compiled from DOC/DMG published and unpublished reports and databases
for the approximately 400 (250-550) mercury, thermal spring, Cu, Pb and Zn mines within the Saonunento
and San Joaquin River watersheds. DMG has the largest currently maintained (periodically updated) digital
datehe.~s on abandoned mines and mineral prospects in Cali~mia and published and unpublished mine
information hack to the 1800’s. DMG stafl’regvlarly work with these digi~a/and paper copy rmeerence
nm~erials and can locate and compile historical mine information more quicldy than non DMG researchers.
Some historical mine information, such as detailed produc~inn records is proprietery and can only be
reviewed by DMG pe~so~mel. This ~istorical infunnation compiled fur the 400 ndne and spring s~e~ will ~e
used to identify those mines and springs with the highest priority for follow-up study, based primarily on
evidence or strong likelihood of processed ore railings on site and size ofoperatorm for ~ and wate~
chemistry and geolo~iceJ se~in8 for apfin~ Secondary information used to priuritze ~ include; type of
mine, whether the river is dammed, sensitivity of habitat, presence of endangered or thrcatened species, and
proxinfity to San Franclseo Bay dcl~

The one hundred sites identified as high priority in above effort ~ be inched, v~sited, mapped,
photographed. Water semple~ Hill be collected at each site for mereary using the "clean hands dirty hands
technique" necessary to co]le~t uncontaminated mercury semple~ and measured for total and dissolved
mercury (Frontier Gcoseience, 199~). Samples of ore, dump, and teilings materials ~ also be collected
for assay. Samples of sediment and water will be taken fi’om mine water leachings or from the nearest
water body. Water will be analyzed by cold vapur atomic fluorescence (Gill and Brained, 1990; Frontier
G-eoseience; 1996) by DFG with 2~% QA/QC duplicates anaiyT.ed by Frontier CreOScinnen or Brooks
P,~md. The on site screening ~ be performed primarily by Iron Churchili of DOC/DMG with the aid of
DFG staff who will train DCDMG staff’on the merct~- collecting technique. We anticipate th~’ongh this
effo~ that twenty mine s~s w~l he ~ected for fur~er study.

2.Determination of mass Ioodings at high priority sites.
Two semples will be collected during the dry and four during the wet season at each of the twenty slte~
selected fi~om l. above, which will be ~nalyzed f~r total and dissolved merc, ury. Methylmercury ~ be
analyzed once at each site during the wet season by Frontier Geesclence and/or Brooks Kand, (DFG Hill
devalop methylmercury analy~s capabilities during the course of this study, in which case they Hill assmue
all analytcal responsibility). In addition, svspended solids, flow rate, ma~ ofwa~er transported, pH,
salinity, and tamperamre Hill be measured. DFG will conduct all non-mercury ¢hemiatry. With this da~
loading estimates can be compared to existing loading information fi-om other areas such as Cache Creek,
Marsh Creek and some of the rivm’s from the Sierra Nevada. Loading estimates are needed to prioritize
mine sites as to their potential to podute the Delta. This will be a joint effort by DOC and DFG.

3. Mine evaluation for determination of best remediafian and cost effective strategie~ for reducing
mercury inputs to the Del/a.
This seeton witl involve developing effective remediation plans, and determining preliminary costs of
remediafion at each of the twenty sites, The remediatou cost anaJysis Hill be accurat~ to within a faetor of
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2 or 3, es a more tiSorous analysis would be too cos~ly for the scope of tlde study. A cost banefit anelysis
will be conducted at each of the major mine and/or hotspring sites to determine the most cost effective
method ~nd protocol for removing mercury inputs. The results of this analysis will be expres.~l in terms of
cost per unit of mercury removed per mine, The DOC will conduct this pan of tbe study.

4. Availability of different mercury species for methylation.
Inorganic mercury in sediments is potential fuel for msthylation conducted by sulfide-reducing bacteria in
anaerobic sediment (Compeeu and Bartha, 1987). All ~rms of mercury, however, are not as bioaveilshhi to
bacteria (Compeau and Bartha, 1987). Cinnabar (HgS) for example, may not be available for methytafion
(SIotton et al., 1996). This raises the issue that all source~ of mercury tu the delta may not be equally
important as the precursor species to methylmercury. Aveilshility ofmcthylmercury is important because it
is this species that bioaccumulates in fish at elevated levels in the Ddta, San Francisco Bay, and marly
lakes. Since most of the mass loadings of mercury to the delta are from suspeaded sediment, it is of
considerable importance to determine if the mereu~ in coastal range sediments (primarily HgS) or Siena
Nevada sediment (primarily as elemantal Hg or Hg++) have different degrees of aveilchility as fuel for the
methylation process. The methodology we will employ involves adding suspended sediments from mine
sites to relatively clean Delta sediments and measuring tbe methylmercory content of the sediments and
overlying water over time. The mercury added to the San Francisco Bay sediments will be equalized from
all the mine sources so that only the bioavadshilhy of mercury will be dLf fi~-eat among the treatme~s.
Total and methylmercury will be measured in the sediments and overlying watex at time 0, 1, 2 and 4
weeks. All treatments will be kept at 15° C. Three replicates from 4 mine sites (2 from the Sierras and 2
from the coast range) wil| be measured for methyl and total mercury. Methodology will follow either
Rogers et el., 1995 with modifications to include methylmercot3’ in sediments, or alternately a.~er fxtrther
review of methylmercury production measurement techniques, we may use radiolabelled mercta’y,
following the methods simi!ar to Stordel and Gill, 1995. Total mercury will be aneiyzzd by DFG and
methylmercury will be analyzed by Frontier Geoscience, Brooks Rand, or the Department offish and
Game if capability is demonstrated. This part oftha study will be conducted by DFG.
5. Habitat effect on mercury speciatlan.
In response to recent results that show wetlands as a source of mghylmercory (Rudd, 1995), this portion
of the study is proposed. Marco-,3’ and methylme~cory in dissolved or particulate fractions derived from
mine inputs will be measured, b~ore and after water passes through four different types of hshituts. These
habitats will be lakes, small ponds, fast ~qowing creeks, and wetlands (bnllmsh and tale). Differences,
which have been shown to effect methyletion (Slotton et al., 1996) that are the basis for the different
habitat choices are depth, flow velocity, oxygen, salinity, and temperetore~ At least 10 samplings (differe~
times) with three replicates each will be conducted at each of the chosen sites. Semplea will be collected by
DFG and analyzed by Frontier Gooscience, Brooks Rand or the Department offish and Game (L+’capabliity
is demonstrated) for methylmercury, or DFG for total and dissolved mercury. This part of the study will be
conducted by DFG.
B. Location or Geographic Boundaries of Projeat
This project will take place in the San Francisco Bay Delta, and particularly at various sites of shandoned
mines. (See Maps)

C. Expected Benefits
The primary benefit of this study is the long te~a health and stability of at risk fishery species such as
leopard sharks, sturgenn, and griped bess, which are currently bioaccumularing toxic levels of
methylmercery in the SF Bay-Delta. We intend to provide data which will target hot spot mines, so es to
begin remedintion efforts on the most contaminated areas of the Delta first, and therefore to decrease the
elemental mercu~ in the water and sediments that is being tsken up by the previously mentioned fish
species, as well as their bird and mammal predators. Secondary benefits from this study will incinde water
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quality improvement, decrease of mercury flowing into the marine enviromnant, lowered human health risk,
and fishery preservation. Third pagias that will benefit from this study are SFF~I, fishermen, and consumers
oftbe Bay-Delta wat~shed fish.

D. Background and Biological/Technical Justification
The rate at which sturgeon, striped bass, leopard sharks, trout, and various others take up mt~,’ucy dq~mds
on mercury availability (watet and sediment concentrations), length of exposore (depends on migratory
patterns), temperature and pI-I, as well as the species offish and the animal’s role in the food cha~. Bird,
fish, and marnmal bioaccumulation occurs almost totally through predation ( Clear Lake Health Adv~oq:
Report; Slottun et al., 1996). The National Academy of Sciences (NAS) has established a recommended
maximum concentration in aquatic orgen~sms of 0.5 mg/kg of mercuPi to protect humens from ingesting
harmful levels of mercocy. Of particular concern are sturgeon and striped bass in San Francisco Bay
F_~ua~. Recently a restricted consumption of s~riped bass has been recommended in the F.stoar/, posted in
¯ mercury health advisory (Foe, Pets. Comm.). As levels in upper ~reeks near the mines are currently
exceeding these llnfits (Foe, Pets. Comm.), the need for research into this area is clear. Thete has been
previous work which ~ assessed mercury in term~ of concentrations, but none has quantified mass
loadings, dkectly attributed to the numetous ab~.ndoned mines in tbe watershed. ~f implemented, this study
will assure valid priority detenninatinn of mines, which ~ govern all remediation schedules. We believe
"&at we must first estshl~sh which sites are the most destructive, and mark those zs first priority for removal
or capping. The project has bean extensively researched through literary review, and sampling methodolog~
has been developed. Tecimique for sample collection, location, and analysis has been established, and
comparisons have been made with the work of othet researchers. We have found that the project we are
proposing is both unique and essential to the success of remediatinn in the Bay-Delta.

E, Proposed Scope of Week
L Mine site screening to determine high priority sites. This will be fire first ~ in the.priority mine
identification process. We expect to complete this phase within the first year.

2. Determination of Mass Loadings at High Priority Sites. Samples Hill be collected at the previously
determined sites, which Hill be analyzed for mercury and methylmercu~/. Suspended solids, flow rate, mass
of water transported, pI-I, safinity, and temperaWxe Hill also be mcasored. We expe~ to compile rids
phase within tha first two years.

3. Mine Evaluation for Determination of Bert Remediafien and Cost Effective Strategies for
l>~ducing Mercury inputs to the Delta. This section will involve developing e~ective remediation pla~,
identifying responsible parties, and determining costs of remediafion at es~h of the 20 sitc~. This phase will
he completed during yesx thre�.

4. Avaihibility of Different Mercury Species for Methylation. Inorganic merco’T in sedimants is
potential fuel for methylation conducted by solfide-reducing bacteria in anaerobic sediment (Compenu and
Bartha, 1987). All forn~ of mercory, however, are not equally biuavallabIe to bacteria (Compenu and
Bertha, 1987). Since most of the mass Ioadings of mercury to the delta are fi’om suspended ~imeot, it i~
of great importance to determine if the mercury in coastal range sediments (primarily HgS) or Siena
Nevada sediment (primarily as elemental I-Ig or Hg++) have differant degrees of availability for the
methylation process. Tlds phase Hill begin in year two and will be finished in year three.

¯ :.Habitat Effect on Me~-ury Speclation. In response to rec~.t results that show wetlands as a source of
methylmetcury (Rudd, 1995), this portion oftha study is proposed. Mercuo" and methylmexcmy in
di~olved or particulate fractions derived from mine inputs Hill be measured, before and after water passes
tl~rough four different types of hahitats. The.~e habitats will be lakes, ~ ponds, fast flowing arnekg, and
wctlends (buifrush and tulo). This phase will begin in year two and Hill be fudshed in year three.
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It. Monitoring and Data Evaluation
This project is different fi’om other suadies in that the Division of Mines and ~eology has the ohiy database
available on abandoned mines in the ~tate of California. Most of these mines have not been studied,
the~fore the degree to which they are contaminating the environment is unknown. The data collected in
this study is compatible with data collected on mass ioadings in other programs. There will be a high level
of quality assors.nce/quality control, and the data will be available for integration into other databases. Our
analytical techniques and monitoring methods will be similar to those used by other programs currendy
monitoring mercury in the delta are& We will se~d a proposal and z~purts out to experts in the fidd of
mercury monitoring for peer review to obtain suggestions and comments, which we will incorpumte into
our work and reports. We will also submit results to peer reviewed journals for publication.

G. Implementability
Positive cultural impacts. Fishery and fisherman culture sustainabllity is currently threatened due to fish and
spawning habitat contamination. The success of this project would enable an increase in the health of the
fisheq~ species sturgeon, shark, striped bass, as well as their habitat and prey populatinns~ This study will
have complete compliance with laws and regulations posed by the CALFED guidelines, as water sampling
would be tbe only field manipnladon conducted. We will coordinate our program with other perspective
CALFED researchers such as Tun Rytuba and Darral Slotton, so that there wig be minimal duplication of
effort. We will be coordinating our mass loading studies with the State Water Resources Control Board,
Bay protection and Toxic Cleanup program, San Francisco Estua~3, Institute, Central Valley Regional
Water Quality Control Board, and the Sacramento River Watarshed progran~ This project is compatible
with ag of’the CALFED obje~ive~ as our study could result in the deercaso of marcury input and an
improvement in water quality, which could help restore ag the priority habitats and protect all priority
species within the SF Bay Dolt& The ultimate goal of our study is the restoration of mine sites, which is hi
agreement with the CALFED mission.
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IV. COSTS AND SCHEDULE TO IMPLEMENT PROPOSED PRO.fECT

A. Budget Co~ts
The esllmated total costs for the thxee year ~tudy is $765,303. These include seorico contracts for
methylmercory analysis and for gold analysis (See attached table for spechSc costs). Payment will be based
upon tasks as they are completed throughout the study. Task four and five may be funded separately from
the other tasks.
B. Schedule Milestone~
Tasks one through five have been scheduled for completion at spocified periods. (See attached schedule).
Task one will be completed in year one, tasks two will be completed in year two, and tasks three, four, and
five will be completed in year three.
C. Third Party Impacts
There are no anticipated tldrd party impacts.

V. APPLICANT QUALI]CICATIONS
Ron Churchill is a Ph.D. level Scientist at the D~partment Conservation (DOC), Division of Mines and
Geology 0~MG) and has over twenty years of expodeeee hi mineralogy and petrology, with an ~’npha~s
on economic geology. He is involved with the detailed compilation of mercury mine and prospect data to
improve DOC databases, to create a new mercury site database, and report that provides additional
information for an~4~onmental and hazardous mercury sites in California.

Ma~ Stephenson is Director of the California Department ofFish and Game Marine Pollution Studios
Laboratory. He has over twenty years of experience in the analysis of fish and sediment for mercor~. He
has recently developed analytical capabilities for detecting low level mercury in water. He has been
co~tucfing studies involving low level analysis of trace metals in the SF Bay Delta with the California
Regional Water Quality Control Board since 1992~ In addition, he is currently project manager for the
California State Mussel Watch program, Bay Protection and Toxic Cleanup program, and approximately
eight other projects.

VI. COMPLIANCE VC]TIt STANDARD TERMS AND CONDITIONS
All terms and conditions are agreeable, except that state s~gencies are self-insured~
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BUDGET FOR DEPARTMENT OF CONSERVATION AND FISH AND GAME

DIRECT LABOR       DIRECT SALARY OVERHEAD SERVICE      MATERIAL/ MISC. AND OTHERTOTAL
HOURS AND BENEFITS CONTRACTS ACQUISITION DIRECT COSTS COSTS

CONTRACTS

DEPARTMENT OF CONSERVATION

TASK 1 1640 42567 25375 250 68192TASK 2 1504 54369 24307 3600 =’ 15800 98076TASK 3 1504 66304 32837 2500 101641

-- TOTAL
267909

I
CALIFORNIA DEPARTMENT OF FISH AND GAME

u~
.~ TASK 1 967 33657 8443 2000 44100
~ TASK 2 1281 34666 12708 5000 * 14000 66374TASK4 2141 57939 401~6 108~0 " 3600 209685"~ TASK 5 2709 73302 33933 60000 * 10000 177235

TOTAL                                                                 497394

Service contract for Frontier Geoscience or Brooks Rand for methyllmercury analysis, however may be converted to DFG salaries.

*~Service contract is for gold analysis.



SCHEDULE

YEAR 1 YEAR P YEAR 3
TASK 1 MINE SCREENING XX
TASK 2 MASS LOADINGS XX XX
TASK 3 BEST REI,,IEDIATION XX
TASK 4 METHYLATION XX XX
TASK 5 HABITAT/METHYLATION XX XX
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THERMAL SPRINGS

CALHOT DATABASE

¯ Thermal Springs

~ San Francisoo Bay Hydrological Area

[] Sacramento, San Joaquin, and Tulare
Lake Hydrological Areas

0 100 200

Miles
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COPPER, LEAD, AND ZINC MINES
AND PROSPECTS

MINEFILE DATABASE

Mine or Prospect

[] San Franaisco Bay Hydrological Area

Sacramento, San Joaquin, and Tulam
Lake Hydrological Areas

200

Miles

N

KEG 7117~97
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MERCURY MINES AND PROSPECTS
MINEFILE DATABASE

¯ Minn or Prospeot

[] San Francisco Bay Hydrological Area

[] Sacramento, San Joaquin, and Tulam
Lake Hydrological Areas

0 1 O0 200

Miles

KEG 7/17/97
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;40NDISCRIMSNATION ~J;~;;)MPLIANCE STATEMENT

the official narnzd below i~e,r~by a’~eur :hat ] arn duly authorized ~o ~gally bi~ t~ pmxpeca~e

can~actor t~ the ~ d~xcHbed ce~ficanu~ I am ~l)’ ~a~ ~ rh~ c~f!c~o~ ~cuted on the

~te a,~ in r~ co~beto~’, ~ ~e ~r pe~l~ of p¢~u~ ~er I~ ~s of t~ Sloe of Cal~om~
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